Radicals associated with the catalytic intermediates of bovine cytochrome c oxidase.
Two radicals have been detected previously by electron paramagnetic resonance (EPR) and electron nuclear double resonance (ENDOR) spectroscopies in bovine cytochrome oxidase after reaction with hydrogen peroxide, but no correlation could be made with predicted levels of optically detectable intermediates (P(M), F and F(z.rad;)) that are formed. This work has been extended by optical quantitation of intermediates in the EPR/ENDOR sample tubes, and by comparison with an analysis of intermediates formed by reaction with carbon monoxide in the presence of oxygen. The narrow radical, attributed previously to a porphyrin cation, is detectable at low levels even in untreated oxidase and increases with hydrogen peroxide treatments generally. It is presumed to arise from a side-reaction unrelated to the catalytic intermediates. The broad radical, attributed previously to a tryptophan radical, is observed only in samples with a significant level of F(z.rad;) but when F(z.rad;) is generated with hydrogen peroxide, is always accompanied by the narrow radical. When P(M) is produced at high pH with CO/O(2), no EPR-detectable radicals are formed. Conversion of the CO/O(2)-generated P(M) into F(z.rad;) when pH is lowered is accompanied by the appearance of a broad radical whose ENDOR spectrum corresponds to a tryptophan cation. Quantitation of its EPR intensity indicates that it is around 3% of the level of F(z.rad;) determined optically. It is concluded that low pH causes a change of protonation pattern in P(M) which induces partial electron redistribution and tryptophan cation radical formation in F(z.rad;). These protonation changes may mimic a key step of the proton translocation process.